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a b s t r a c t
In the present study, the effects of partial slip on steady boundary layer stagnation point
flow of an electrically conductingmicropolar fluid impinging normally towards a shrinking
sheet in the presence of a uniform transverse magnetic field is investigated. A similarity
transformation technique is adopted to obtain the self similar ordinary differential
equations and then solved numerically using symbolic software MATHEMATICA 7.0. The
features of the flow and heat transfer characteristics for different values of the governing
parameters are analyzed and discussed through graphs and tables. Both cases of assisting
and opposing flows are considered. The physical aspects of the problem are highlighted
and discussed.
© 2011 Elsevier Ltd. All rights reserved.
1. Introduction
Stagnation flow of an incompressible viscous fluid over a stretching or shrinking sheet has important practical
applications in many industries, such as the aerodynamic, extrusion of plastic sheets, continuous stretching of plastic films
and artificial fibers, the cooling of metallic plate, polymer extrusion etc. The steady two dimensional boundary layer flow in
the neighborhood of a stagnation point on an infinite wall was studied by Hiemenz [1] using a similarity transform, which
reduces the number of independent variables from two to one. This result has been later extended to axisymmetric case
by Homann [2]. The problem of two dynamic impinging stagnation flows of two fluids of different densities was studied
by Wang [3]. Ariel [4] investigated the effect of an external magnetic field on Hiemenz flow. Mahapatra and Gupta [5]
reinvestigated the stagnation point flow problem towards a stretching sheet with different stretching and straining rates.
They observed that the velocity at a point decreases/increases with an increase in applied magnetic field when the free
stream velocity is less/greater than the stretching velocity. Zhu et al. [6] studied the steady two dimensional stagnation
point flow of an incompressible viscous fluid towards a stretching sheet using a homotopy analysismethod (HAM).Wang [7]
considered the steady stagnation point flow towards a shrinking sheet. Using a similarity transform, the Navier–Stokes
equations have been reduced to a set of non-linear ordinary differential equations which were then solved numerically.
Both two dimensional and axisymmetric stagnation point flow were considered. Recently, Fan et al. [8] investigated the
unsteady stagnation point flow and heat transfer towards a shrinking sheet.
All the above contributors, however, confined their study to the flow problems of Newtonian fluids. These Newtonian
models are not adequate to describe some modern engineering and industrial processes which are made up of materials
having an internal structure. The theory of micropolar fluids as discussed by Eringen [9,10] can be used to explain the
flow of colloidal fluids, liquid crystals, animal blood, paints, polymers etc. in which the classical Newtonian fluids theory
is inadequate. An excellent review about micropolar fluid mechanics and its applications was given by Ariman et al. [11,12]
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and Qukaszewicz [13]. Guram and Smith [14] discussed the stagnation point flow problem of micropolar fluids with strong
and weak interaction. A significant amount of research on micropolar fluid flow and heat transfer caused by continuously
stretched or moving surfaces [15–22] under different conditions and in the presence of various physical effects has been
reported. The study of flow and heat transfer of an electrically conducting micropolar fluid past a porous plate under
the influence of a magnetic field has attracted the interest of numerous researchers in view of its applications in many
engineering problems, such as MHD generators, nuclear reactors, geothermal energy extractions and the boundary layer
control in the field of aerodynamics. Keeping in mind some specific industrial applications such as polymer processing
technology, numerous attempts have been made to analyze the effect of transverse magnetic field on boundary layer flow
characteristics. Eldabe and Ouaf [23] considered the problem of heat andmass transfer in anMHD flow of a micropolar fluid
past a stretching surface with Ohmic heating and viscous dissipation effects using the Chebyshev finite difference method.
Lok et al. [24] investigated numerically the steady two dimensional non-orthogonal stagnation point flow of micropolar
fluid on a flat plate. Using similarity transformation and then applying a numerical method based on finite difference
discretization, Ishak et al. [25] solved the steady MHD stagnation point flow problem towards a vertical surface immersed
in amicropolar fluid. Ishak et al. [26] discussed the steady two dimensional MHD stagnation point flow towards a stretching
sheet with variable surface temperature using the Keller box method. Ishak et al. [27] analyzed the steady two dimensional
stagnation point flow of a micropolar fluid over a shrinking sheet in which the shrinking velocity and the ambient fluid
velocity were assumed to vary linearly with the distance from the stagnation point. Recently, Ashraf and Ashraf [28] studied
MHD stagnation point flow of a micropolar fluid towards a heated surface and solved numerically using an algorithm based
on finite discretization.
In all the abovementioned papers, investigators restricted their analyses to flow and heat transfer with no-slip boundary
condition. But no-slip assumption is not consistent with all physical characteristics, i.e., in some practical flow situations
it is essential to replace the no-slip boundary condition by the partial slip boundary condition. Beavers and Joseph [29]
investigated the fluid flow over a permeable wall using slip boundary condition. The slip flows under different flow
configurations have been studied by many researchers [30–38] in recent years.
However, in the literature, enough articles are not available on MHD mixed convection stagnation point flow of a
micropolar fluid over a shrinking sheet. Therefore, in the present paper, I extended the work of Ashraf and Ashraf [28]
to investigate the slip effects on mixed convection boundary layer stagnation point flow and heat transfer over a shrinking
sheet. The self similar equations are solved numerically using MATHEMATICA 7.0 and the results are discussed from the
physical point of view.
2. Mathematical formulation of the problem
Consider a steady two dimensional laminar boundary layer stagnation point flow of an incompressible electrically
conducting micropolar fluid of uniform ambient temperature T∞ impinging normally towards a shrinking sheet of variable
wall temperature Tw(x), as shown in Fig. 1. A uniform magnetic field of strength B0 is assumed to be applied in the positive
y-direction normal to the plate. The magnetic Reynolds number of the flow is taken to be small enough so that induced
magnetic field is assumed to be negligible in comparison with applied magnetic field.
Under the foregoing assumptions along with the usual Boussinesq and boundary layer approximation, the governing
equations that describe the physical situation can be written as
∂u
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where u, v are velocity components along x, y-axis respectively, g is acceleration due to gravity, β is the volumetric
coefficient of thermal expansion, κ is vortex viscosity, U(x) = ax is the straining velocity of the stagnation point flow,
φ is the micro-rotation components normal to the xy-plane, σ is the electrical conductivity of the fluid, j is the micro-inertia
density, T is the temperature of the fluid within the boundary layer, κ0 is the thermal conductivity of the fluid, cp is the
specific heat at constant pressure p, ρ is the density of the fluid and µ is the coefficient of viscosity of the fluid.
The appropriate boundary conditions for velocity components,microrotation and temperaturewith partial slip condition
at the wall are given by
u = bx+ L∂u
∂y
, v = 0, φ = −n∂u
∂y
, T = Tw = T∞ + cx for y = 0,
u → U(x) = ax, φ → 0, T → T∞ as y →∞
 (5)
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Fig. 1. Physical model and coordinate system.
where b and a(> 0) are the shrinking/stretching rate (of the sheet) and straining rate parameters respectively, with b < 0
for shrinking, b > 0 for stretching and L denotes the slip length, Tw is the temperature of the sheet and T∞ is the free stream
temperature, both are assumed to be constant with c > 0 for an assisting flow (heated plate) and c < 0 for an opposing
flow (cooled plate) respectively.
For investigating the effect of different surface conditions,we choose a linear relationship betweenmicrorotation variable
φ and the surface stress ∂u
∂y in the boundary conditions (5). Here the microrotation parameter n ranges between 0 and 1.
When n = 0, we have φ = 0which is a generalization of the no-slip condition, i.e. the particle density is sufficiently large so
that microelements close to the wall are not able to translate or rotate as stated by Jena and Mathur [39]. The case n = 0.5
represents vanishing of anti-symmetric part of the stress tensor and represents weak concentration of the microelements.
For this case, Ahmadi [40] suggested that in a fine particle suspension the particle spin is equal to the fluid velocity at the
wall. The value of n = 1 is used for themodeling of turbulent flow inside the boundary layers of microrotation, as suggested
by Peddison and McNitt [41].
The system of Eqs. (1)–(4) can be transformed into the corresponding ordinary differential equations by using the
following similarity transformations:
η = y

a
ν
, u(x, y) = axf ′(η), v(x, y) = −√aνf (η),
φ(x, y) = −a

a
ν
xω(η), θ(η) = T − T∞
Tw − T∞ .
 (6)
Here η is the similarity variable, f (η) is the dimensionless stream function, ω(η) is the dimensionless microrotation and
θ(η) is the dimensionless temperature.
In view of relations in (6), Eq. (1) is satisfied automatically and so the velocity field represents a possible fluid motion.
Substituting (6) into Eqs. (2)–(4) yield the following self similar equations:
(1+ R)f ′′′ + ff ′′ − f ′2 − Rω′ +M2(1− f ′)+ ζθ = 0, (7)
Λω′′ + RC(f ′′ − 2ω)− f ′ω + fω′, (8)
θ ′′ + Pr(f θ ′ − f ′θ) = 0 (9)
where R = κ/µ is the vortex viscosity parameter, M = B0

σ
ρa is the Hartmann number (or magnetic field parameter),
ζ = βgc
a2
is the buoyancy or mixed convection parameter, C = µ
ρja is the microinertia density parameter,Λ = γµj is the spin
gradient viscosity parameter, Pr = µcp/κ0 is the Prandtl number. We notice that ζ is a constant with ζ > 0 corresponding
to assisting flow(heated plate), ζ < 0 corresponding to opposing flow(cooled plate) and ζ = 0 corresponding to pure forced
convection flow, respectively.
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The corresponding boundary conditions (5) become
f = 0, f ′ = λ+ δf ′′, ω = nf ′′, θ = 1 for η = 0,
f ′ = 1, ω = 0, θ = 0 as η→∞

(10)
where λ = b/a is the velocity ratio parameter and δ = L

a
ν
is the slip parameter.
The skin friction coefficient (rate of shear stress) Cf , the couple stressMx and the Nusselt number (rate of heat transfer)
Nu are important physical parameters for this kind of flow. They are defined as follows.
The equation defining the wall shear stress is
τw = (µ+ κ)

∂u
∂y

y=0
+ κ(ω)y=0. (11)
So the local skin friction coefficient on the surface can be expressed as
Cf = τw
ρU2
= Re−1/2x {1+ (1− n)R} f ′′(0). (12)
The equation defining the plate couple stress is
Mw = (µ+ κ/2)j

∂φ
∂y

y=0
. (13)
Thus the dimensionless couple stress is defined by
Mx = −Mw
µU
= 1
C
(1+ R/2)ω′(0). (14)
The quantity of heat transfer through the unit area of the surface is given by
qw = −k0

∂T
∂y

y=0
. (15)
So the rate of heat transfer in terms of the dimensionless Nusselt number is be written as
Nu = −Re 12x θ ′(0). (16)
It should be mentioned that in the absence of slip flow parameter δ and velocity ratio parameter λ, the problem reduces to
those considered by Ishak et al. [27], while when λ = 0, δ = 0 and ζ = 0 it reduces to those of Ashraf and Ashraf [28]. Also
in the absence of micropolar effects, i.e., for ω = κ = 0, it reduces to those obtained by Wang [3] (forM = 0) in the case of
Newtonian fluid. This validates our problem efficiently for micropolar fluid motion.
3. Method of solution
By applying similarity transformations to the governing equations and the boundary conditions, the governing equations
are reduced to a system of non-linear differential equations with appropriate boundary conditions. Finally, the system
of similarity equations with the boundary conditions are solved numerically in the symbolic computation software
MATHEMATICA 7.0 using a finite difference code that implements the 3-stage Lobatto IIIa formula for the partitioned
Runge–Kutta method. This is a collocation formula and the collocation polynomial provides a C1-continuous solution that
is fourth order accurate. Mesh selection and error control are based on the residual of the continuous solution. The system
cannot be solved on an infinite interval, and it would be impractical to solve it for even a very large finite interval. So,
an attempt has been made to solve a sequence of problems posed on increasingly larger intervals to verify the solution’s
consistent behavior as the boundary approaches ∞. The plot of each successive solution is superimposed over those of
previous solutions so that they can easily be compared for consistency. For numerical computation, infinity condition has
been considered for a large but finite value of ηwhere no considerable variation in velocity, microrotation, temperature etc.
occurs.
4. Numerical experiment
In this paper, the effects of slip flow on a steady two dimensional MHD boundary layer flow of an incompressible
electrically conducting micropolar fluid near the stagnation point on a vertical shrinking sheet of variable wall temperature
has been investigated numerically by using symbolic software MATHEMATICA 7.0. It can be seen that the solutions are
affected by eight parameters, e.g., vortex viscosity parameter R, Hartmann number M , buoyancy or mixed convection
parameter ζ , microinertia density parameter Λ, spin gradient viscosity parameter C , Prandtl number Pr, velocity ratio
parameter λ and slip parameter δ. Since experimental data of the physical parameters are not available in the literature, in
the numerical simulations, the choice of the values of the parameters was dictated by the values chosen by the previous
investigators. For the present investigation, due to the large number of parameters, number of parameters has been
restricted to three new entrants, say ζ , λ, δ, along with the vortex viscosity parameter R.
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Table 1
Comparison of the values of the normal velocity
f (η) for λ = ζ = δ = 0.
η Ashraf and
Ashraf [28]
Present results
f (η) f (η)
0.0 0 0
0.6 0.159171 0.159854
1.2 0.555414 0.555403
1.8 1.069900 1.067750
2.4 1.635279 1.624300
3.0 2.221620 2.212280
3.6 2.816397 2.808153
4.2 3.414474 3.410679
4.8 4.013803 4.006367
5.4 4.613592 4.606245
6.0 5.213549 5.216228
Fig. 2. Velocity profiles f ′(η) for various values of δ when λ = 1, R = 2 (assisting flow).
4.1. Code verification
In the absence of slip flow, buoyancy parameter, shrinking and straining velocities, the non-dimensional governing
Eqs. (7)–(9) with the corresponding boundary conditions (10) exactly coincide with those (Eqs. (15)–(18)) of Ashraf and
Ashraf [28]. To assess the accuracy of the present code, the normal velocity f (η) for different values of η in the absence of
slip parameter, buoyancy parameter and velocity ratio parameter is reproduced. Table 1 shows the comparison of the data
produced by the present code and that of Ashraf and Ashraf [28]. The results show excellent agreement between the two
sets of data and, hence, justify the use of the present code for the current model.
5. Numerical results and discussions
The analysis of stagnation point flow towards a heated or cooled shrinking sheet is quite significant due to recent
expansion in the area of application. The study reveals that the characteristic of solution depends on the slip parameter
δ, vortex viscosity parameter R, the velocity ratio parameter λ in addition to the buoyancy parameter ζ . The effect of
partial slip, velocity ratio parameter, vortex viscosity parameter and buoyancy parameter on the velocity, microrotation
and temperature profile functions of the transverse coordinate η and are depicted in Figs. 2–19, whereas the values of the
skin friction coefficient, couple stress and the Nusselt number are presented in Tables 2–7. In the present study, numerical
computations are carried out for Pr = 0.71,M = 0.5, C = 1, Λ = 1, ζ = 1 (for assisting flow) and ζ = −1 (for opposing
flow) while λ, δ, R are varied over a range which are listed in the figure legends.
5.1. Effect of slip parameter δ
The effect of the slip parameter δ on the velocity distribution for an assisting flow and an opposing flow are illustrated
in Figs. 2 and 3, respectively. It is noticed from Fig. 2 that the fluid velocity decreases with the increase of slip parameter
δ near the shrinking surface, i.e., for η < 1.2 (not precisely determined) and the effect is negligible within the middle
portion of the boundary layer i.e. for 1.2 < η < 2.8 (not precisely determined) whereas, it increases with the increase
of δ for η > 2.8 (not precisely determined). An important observation is that all f ′(η) profiles exhibit expected reverse
flow region i.e. the values of f ′(η) are initially negative and it increases as it comes significantly close to the wall (for
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Fig. 3. Velocity profiles f ′(η) for various values of δ when λ = 1, R = 2 (opposing flow).
Fig. 4. Microrotation profiles ω(η) for various values of δ when λ = 1, R = 2 (assisting flow).
Fig. 5. Microrotation profiles ω(η) for various values of δ when λ = 1, R = 2 (opposing flow).
Table 2
Values of f ′′(0), ω′(0) and −θ ′(0) for various
values of δ (assisting flow).
δ f ′′(0) ω′(0) −θ ′(0)
0.0 2.07853 0.718115 0.47965
0.1 1.91364 0.752783 0.527499
0.3 1.61757 0.749385 0.597959
0.5 1.38180 0.705589 0.647089
0.7 1.19843 0.647449 0.678118
0.9 1.05464 0.614004 0.702149
1.1 0.94001 0.555524 0.720338
1.3 0.806808 0.514861 0.734537
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Fig. 6. Temperature profiles θ(η) for various values of δ when λ = 1, R = 2 (assisting flow).
Fig. 7. Temperature profiles θ(η) for various values of δ when λ = 1, R = 2 (opposing flow).
Fig. 8. Velocity profiles f ′(η) for various values of λwhen δ = 0.2, R = 2 (assisting flow).
η < 1.2, not precisely determined) while it decreases for 1.2 ≤ η ≤ 2.8, (not precisely determined), but for large η it
starts to increase and, ultimately, it becomes positive. This happens due to the opposite directions of shrinking and straining
velocities. This leads to an increase in the boundary layer thickness. For the buoyancy opposing flow region, i.e., for cooled
shrinking surface, the velocity decreaseswith increasing values of δ. These behaviors are clearly shown in Fig. 3. For different
values of slip parameter δ, the microrotation profiles are plotted in Figs. 4 and 5. For assisting flow, it is observed from Fig. 4
that microrotation profiles across the boundary layer decrease with increasing values of δ when η ≤ 2.2, but the effect is
reverse for n > 2.2. On the other hand, for opposing flow, the effect of δ is same as that for heated shrinking sheet, which is
observed from Fig. 5. Fig. 6 shows the effect of the slip parameter δ on temperature distribution for heated shrinking sheet.
With the increasing slip parameter δ, the temperature profile θ(η) decreases in certain initial range of η but it increases
after that. Fig. 7 shows that for an opposing flow the fluid temperature is the maximum near the boundary layer region and
it decreases rapidly with increasing η. Also fluid temperature decreases on increasing δ across the boundary layer and, as a
consequence, thickness of the thermal boundary layer decreases by increasing δ in the flow field.
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Fig. 9. Velocity profiles f ′(η) for various values of λwhen δ = 0.2, R = 2 (opposing flow).
Fig. 10. Microrotation profiles ω(η) for various values of λwhen δ = 0.2, R = 2 (assisting flow).
Fig. 11. Microrotation profiles ω(η) for various values of λwhen δ = 0.2, R = 2 (opposing flow).
Tables 2 and 3 depict the effects of the slip parameter δ on the skin friction coefficient f ′′(0), couple stress ω′(0) and the
Nusselt number−θ ′(0) for assisting and opposing flow, respectively. It is observed from the tables that as δ increases, both
of skin friction coefficient and couple stress decrease but the effect is reversed in case of the Nusselt number. Further, it is
worth noticing from tables that both couple stress and rate of heat transfer are lower for the case of no-slip than for the
presence of slip. It can also be seen from tables that−θ ′(0) is positive for both type flow and this is consistent with the fact
that in the absence of viscous dissipation, heat flows from the surface to the fluid as long as Tw > T∞.
5.2. Effect of velocity ratio parameter λ
The effect of velocity ratio parameter λ on the velocity, microrotation and temperature profiles are presented in
Figs. 8–13. It can be easily seen from Fig. 8 that for heated shrinking sheet, i.e., for assisting flow, the velocity across the
boundary layer region increases as λ increases except for 1.2 < η < 2.7 (not precisely determined) where the effect
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Fig. 12. Temperature profiles θ(η) for various values of λwhen δ = 0.2, R = 2 (assisting flow).
Fig. 13. Temperature profiles θ(η) for various values of λwhen δ = 0.2, R = 2 (opposing flow).
Fig. 14. Velocity profiles f ′(η) for various values of Rwhen λ = 1, δ = 0.2 (assisting flow).
Table 3
Values of f ′′(0), ω′(0) and −θ ′(0) for various
values of δ (opposing flow).
δ f ′′(0) ω′(0) −θ ′(0)
0.0 1.30202 0.292484 0.383191
0.1 1.23468 0.321183 0.423014
0.3 1.09346 0.342298 0.485156
0.5 0.97087 0.336686 0.52931
0.7 0.856173 0.31938 0.562712
0.9 0.766026 0.297139 0.58531
1.1 0.691288 0.275704 0.604579
1.3 0.626022 0.25544 0.617705
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Fig. 15. Velocity profiles f ′(η) for various values of Rwhen λ = 1, δ = 0.2 (opposing flow).
Fig. 16. Microrotation profiles ω(η) for various values of Rwhen λ = 1, δ = 0.2 (assisting flow).
Fig. 17. Microrotation profiles ω(η) for various values of Rwhen λ = 1, δ = 0.2 (opposing flow).
is opposite. For a non-zero fixed value of η, velocity distribution across the boundary layer decreases with the increasing
values of λ for the opposing flow and, as a result, thickness of momentum boundary layer decreases. This is illustrated in
Fig. 9. Figs. 10 and 11 present typical profiles for microrotation ω(η) for various values of velocity ratio parameter λ, for
assisting and opposing flow, respectively. It is clearly shown in Fig. 10, that with increasing values of λ, the value of ω(η)
at fixed η increases in a certain range and then it decreases. From Fig. 11, it is clear that the microrotation distribution
increases uniformly with increasing λ. Fig. 12 illustrates the temperature distribution for assisting flow, ζ = 1, while the
corresponding opposing flow, ζ = −1, is shown in Fig. 13. In both cases, it is observed that the fluid temperature is the
maximum near the boundary layer region and it decreases on increasing boundary layer coordinate η to approach the free
stream value. For assisting flow, the fluid temperature decreases on increasing λ for certain range of η and after that the
effect is reverse. Fig. 13 indicates that increasing the values of the velocity ratio parameterλ reduces the temperature profiles
and, as a consequence, thickness of the thermal boundary layer decreases.
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Fig. 18. Temperature profiles θ(η) for various values of Rwhen λ = 1, δ = 0.2 (assisting flow).
Fig. 19. Temperature profiles θ(η) for various values of Rwhen λ = 1, δ = 0.2 (opposing flow).
Table 4
Values of f ′′(0), ω′(0) and −θ ′(0) for various
values of λ (assisting flow).
λ f ′′(0) ω′(0) −θ ′(0)
0 1.29806 0.683277 0.660564
−0.4 1.67229 0.754928 0.586034
−0.8 1.99594 0.739678 0.504648
−1.2 2.25680 0.630536 0.415134
−1.6 2.43519 0.418247 0.316176
−2.0 2.49315 0.0794379 0.24202
Table 5
Values of f ′′(0), ω′(0) and−θ ′(0) for various values
of λ (opposing flow).
λ f ′′(0) ω′(0) −θ ′(0)
0 0.796715 0.304969 0.577379
−0.4 1.10037 0.342097 0.482779
−0.8 1.31897 0.281832 0.371145
−1.2 1.40451 0.109858 0.231591
−1.6 1.15662 −0.189093 0.0333269
−2.0 1.08946 −0.341951 0.0189482
Tables 4 and 5 predict the influence of velocity ratio parameter λ on the skin friction coefficient, couple stress and heat
transfer rate for assisting and opposing flow, respectively, in presence of the slip flow. An increase in the values of velocity
ratio parameter λ results in the reduction of couple stress and heat transfer rate on the surface whereas an opposite effect
can be observed for skin friction coefficientwhen the flow is assisting as shown in Table 4. But for opposing flow, skin friction
coefficient increases for a certain range of λ and after that it decreases.
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Table 6
Values of f ′′(0), ω′(0) and−θ ′(0) for various
values of R (assisting flow).
R f ′′(0) ω′(0) −θ ′(0)
0 1.93841 0 0.587663
1 1.75824 0.759463 0.566594
2 1.55211 0.620102 0.532888
3 1.40693 0.517297 0.506100
4 1.29658 0.440806 0.483873
5 1.20894 0.382496 0.464950
Table 7
Values of f ′′(0), ω′(0) and −θ ′(0) for various
values of R (opposing flow).
R f ′′(0) ω′(0) −θ ′(0)
0 1.241901 0 0.480163
1 1.164172 0.336817 0.457837
2 1.041445 0.259653 0.430003
3 0.952965 0.207868 0.407814
4 0.885370 0.171614 0.389553
5 0.831774 0.145171 0.374207
5.3. Effect of vortex viscosity parameter R
The influence of the vortex viscosity parameter R in the presence of the slip flow for a heated shrinking sheet is shown
in Figs. 14 and 15 for both in cases of assisting and opposing flow, respectively. It is observed from figures that the fluid
velocity decreases with an increase in the values of R and as a result the momentum boundary layer thickness decreases.
Fig. 16 indicates that increasing the values of R enhances the microrotation profiles near the sheet, i.e., for η < 2.5, but the
effect is opposite for η > 2.5 when the flow is assisting. Again for opposing flow, microrotation profiles decrease with an
increase in the values of R for η < 1 but reverse effect occurs for η > 1, as illustrated in Fig. 17. From Figs. 18 and 19, it
is clear that an increase in the values of R results in an increase of the temperature profiles and so increase in the thermal
boundary layer thickness in the flow field for both cases of assisting and opposing flows.
The influence of R on the shear stress, couple stress and heat transfer rate for assisting and opposing flows are presented
in a tabular form in Tables 6 and 7. An increase in the values of the vortex viscosity parameter R results in the reduction
of skin friction coefficient, shear stress and heat transfer rate from the surface. This is due to the fact that the micropolar
fluids offer greater resistance (resulting from dynamic viscosity and vortex viscosity) to the fluid motion in comparison to
the Newtonian fluids.
6. Conclusions
In this work, the problem of the effects of partial slip on steady MHD boundary layer stagnation point flow and
heat transfer towards a shrinking vertical sheet is studied. The governing equations are transformed into nonlinear
ordinary differential equations using similarity transformations and then solved numerically by using symbolic software
MATHEMATICA 7.0. A parametric study is performed to explore the effects of various governing parameters on the fluid
flow and heat transfer characteristics. The following conclusions can be drawn from the present investigation.
• Increasing the strength of both the slip parameter δ and the velocity ratio parameter λ leads to deceleration of the fluid
for opposing flow but effect is different for assisting flow. Again, the fluid velocity decreases by increasing the vortex
viscosity parameter R for both assisting and opposing flow. A novel feature that emerges from the present study is the
existence of a reversed flow region in the assisting flow regime but the influences of δ and λ are fluctuating in nature.
• Increasing the values of both δ, λ decreases the microrotation profile for opposing flow but the effect is slightly different
for assisting flow.
• For opposing flow, the fluid temperature and the thermal boundary layer thickness decrease for increasing slip parameter
δ and the velocity ratio parameter λ, while the effect is fluctuating in nature for assisting flow. On the other hand, thermal
boundary layer thickness increases for increasing vortex viscosity parameter R.
• It is seen that for both assisting and opposing flow and a fixed value of λ, the skin friction coefficient and couple stress
decrease with the increase of δ, whereas the effect is opposite for the heat transfer from the wall. On the other hand, it is
observed that with the increase of λ and a fixed value of δ, the couple stress and heat transfer coefficient decrease but the
reverse effect occurs for skin friction coefficient. Themicropolar fluids display more reduction in skin friction coefficient,
couple stress as well as heat transfer rate than that exhibited by the Newtonian fluids.
• The results obtained in this work are more generalized in nature compared to those obtained by Ashraf and Ashraf [28].
In fact, their results are actually a limiting case when ζ → 0, λ→ 0 and δ → 0.
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